Abstract -Knowledge of species distribution is fundamental to conservation and management efforts. Unfortunately, distribution of many mammal species in the southeastern United States, including some considered endangered, threatened, or of special concern, has been and remains poorly documented. We queried museums, reviewed the published literature, and searched state Natural Heritage Inventory databases to obtain distributional information for 13 mammal species considered rare (Global Rank G1-G3 or State Rank S1-S3) or of other conservation concern in the Southern Appalachian region. We constructed distribution maps for selected mammal species within the region based on 7 state Natural Heritage Inventory databases and 1539 county records from 26 museums and 57 published sources. Napaeozapus insignis (Woodland Jumping Mouse), Mustela nivalis (Least Weasel), and Tamiasciurus hudsonicus (Red Squirrel) exhibited large (>150 km) geographic differences from currently accepted range maps. Sorex dispar (Rock Shrew), Synaptomys cooperi (Southern Bog Lemming), Neotoma magister (Allegheny Woodrat), and Zapus hudsonius (Meadow Jumping Mouse), exhibited small (<75 km) geographic differences. The remaining 6 species showed little to no range differences from commonly accepted range maps. Because seven of 13 mammals showed substantial differences from known range maps, our updated maps may aide managers and others in focusing surveying and conservation efforts.
Introduction
Numerous federal and state agencies have mandates to assess and monitor the status of species with high conservation interest and to make management recommendations to ensure the continued existence of these species (Clark et al. 1994) . For example, state wildlife action plans, recently formulated by state wildlife departments, require current information on species status and distribution to accurately plan future conservation needs. Unfortunately, basic natural history information required to make recommendations, including species distributions, does not exist or is incomplete for many species, especially in the southeastern United States. Of particular concern is the lack of distributional information for many species that are state or federally designated as endangered or threatened, making development of recommendations to recover species diffi cult (Trani et al. 2007) .reducing exposure to regulatory liability when conducting management activities within the range of listed species. Dobson et al. (1997) reviewed the distributions of endangered species in the United States and identifi ed the Southern Appalachian Mountains as a "hot spot of threatened biodiversity." Over 77% (78 of 101 species) of terrestrial mammals in the Southeast are considered "sensitive", defi ned as being state or federally listed as endangered, threatened, or of special concern, or as being monitored by state Natural Heritage Inventory programs . Laerm et al. (2000) concluded that with the exception of federally endangered or threatened species, information on the taxonomy, distribution, and life history necessary to ascertain status is inadequate for many southeastern mammalian taxa. Many mammals considered rare or of concern by state and federal wildlife agencies may refl ect a lack of knowledge regarding species distribution. Thus, revised assessments of distribution and population status of endangered and/or rare (sensitive) species in the Southern Appalachians are needed.
Habitat loss and habitat fragmentation are considered the primary threats to many mammals in the South (Trani et al. 2007 ). Several recent papers have reviewed the conservation status of southeastern mammals, including mammals in general , bats (Menzel et al. 2000 (Menzel et al. , 2003 and those in the Pinus palustris P. Mill. (Longleaf Pine) ecosystem (Smith et al. 2006 ), but none have targeted sensitive terrestrial mammalian taxa of the Southern Appalachian Mountains. A necessary fi rst step in acquiring the information needed to develop effective conservation strategies for sensitive mammals of the Southern Appalachians is to determine current species distributions. Thus, our objective was to compile updated, county-specifi c distributional information from Natural Heritage databases, published literature, and museum collections on small terrestrial mammals considered rare in the Southern Appalachians.
Methods
The Southern Appalachian region has been defi ned differently by various authors (Brooks 1971 , Redington 1978 . We considered the Southern Appalachian region as the portions of the Blue Ridge, Ridge and Valley, and Allegheny and Cumberland plateaus in Alabama, Georgia, Kentucky, North Carolina, South Carolina, Tennessee, and Virginia (Fenneman 1938 ). The region is bordered to the east and south by the Piedmont and to the west by the Interior Low Plateaus (Fig. 1) .
We selected 13 mammal species found in the Southern Appalachian region based on their apparent rarity in the region and/or a lack of information pertaining to their current distributions  S1 = critically imperiled in state, S2 = imperiled in state, S3 = vulnerable in state, S4 = uncommon but not rare, S5 = common, widespread, and abundant in state, SNR and S? = conservation status not yet assessed, SU = currently unranked due to lack of information, SX = believed to be extirpated from the state. B N3 = vulnerable in nation, N4 = uncommon but not rare in nation, N5 = common, widespread, and abundant in nation.
L. (Least Weasel). Although some of the species have distributions that extend outside of the Southern Appalachian region, our primary criterion for inclusion was a lack of up-to-date published distributional information within the Southern Appalachian region. We requested collection records for our focal species from 50 museums across the United States. We compiled museum records and determined presence or absence for each species within each county in the region. We also reviewed the published literature for additional distributional data (e.g., confi rmed captures, positive sightings, photographs) not found in museum records. In addition, we searched the on-line database at each state's Natural Heritage Inventory webpage. We accepted on-line data if the state classifi ed the record as "known" or "historic" and rejected records classifi ed as "suspected", "probable", or other similar term. We combined county locations from databases, published literature, and museum records to produce maps of species distributions using ArcView 9.1 (ESRI 2005) . The fi rst iteration of our distribution maps was sent to selected mammalogists in the region for review with the additional request that they add information on distributions from their own fi eld notes and other experience. Although we recognize that the reliability of our data sources may differ, we proceeded under the assumption of equal reliability. We recognize that maps are static depictions whereas actual species distribution is dynamic; therefore our maps represent the most accurate information at that moment in time when they were compiled. We established a cutoff date of December 2005 for data retrieval and map construction. For the purpose of the distributions, only species data were used because subspecies data did not exist for most museum records. Nomenclature follows Baker et al. (2003) .
Results and Discussion
Of the 50 museums we contacted, 26 supplied information for our focal species, eight responded by saying they lacked specimens of interest, and 16 did not respond. We subsequently contacted 14 of the 16 museums that did not initially respond. Seven reported having no data for our species or area, and seven did not respond to further repeated contact attempts. We obtained 1539 museum records from 26 museums ( Table 2) . We obtained additional county records from 57 published sources and personal comunications (Table 3) . We summarized the species' general distribution and habitat associations, as well as the distributional information obtained during our study in the following species' accounts.
Sorex dispar Batchelder (Long-tailed or Rock Shrew)
The Long-tailed Shrew is restricted to the Appalachian Mountains, ranging from southeastern North Carolina to Maine (Hall 1981) . It is a habitat specialist found in high-elevation, rocky areas and cool, moist forests in the region (Ford et al. 2006 , Pagels 1987 ). The species is considered rare in many areas of the Southern Appalachians .
Our data did not indicate any large extensions of the accepted range of the species (Fig. 2) . We found one record (UGAMNH) for Rabun County, GA, which indicates a minor southward extension of its known range. Other Table 2 . List of museums from which distributional data were obtained for 13 mammal species from the Southern Appalachians. Museum code follows Hafner et al. (1997) . records from eastern Kentucky show the distribution farther west than previous range descriptions. Kennedy and Harvey (1980) 
Sorex palustris Richardson (American Water Shrew)
The American Water Shrew ranges from the northeastern United States to northern Canada, west to Alaska, and southward into Utah and New Mexico, but is confi ned to the Appalachian Mountains in the southeastern United States (Ford et al. 2006 , Hall 1981 , Pagels et al. 1998 , Reid 2006 . It is found along cold mountain streams and bogs.
Our data were consistent with the currently accepted distribution (Fig. 3 ). Records were found in two areas within the Southern Appalachians: (1) north Georgia and along the North Carolina/Tennessee line and (2) Highland and Bath counties in north-central Virginia. Because no records were found between the two areas, it is plausible that two separate populations of the American Water Shrew exist in the Appalachians. However, because standard capture methods for soricids are not effective for the American Water Shrew (Ford et al. 2006) , it is typically not represented in standard soricid surveys. The gap in the distribution may refl ect lack of targeted effort for the species, and it may be more abundant than museum collections indicate (Whitaker and Hamilton 1998) . However, considerable searching by Pagels et al. (1998) produced few specimens. It is likely that this species is very rare in the Southern Appalachian Mountains and exists as two widely isolated populations. 
Lepus americanus Erxleben (Snowshoe Hare)
The Snowshoe Hare is found throughout Canada and parts of the western United States. In the southern United States, it is restricted to only a few high-elevation locations (Hall 1981) . It prefers high-elevation wetlands and forest thickets. Little is known about Snowshoe Hares inhabiting the Southern Appalachians (Chapman 2007a).
Only fi ve museum records from two counties (Buncombe County, NC and Highland County, VA) were located (Fig. 4) . Residents reported sightings of the species in Cocke County, TN in the 1930s, but specimens have not been collected (Linzey 1995) . There is a wide geographical gap between the museum records in Virginia and North Carolina. The record from Buncombe County, NC is from the 1890s, and this population may no longer be extant. (Chapman 2007b , Chapman et al. 1992 . In many states, the population status is considered undetermined and it is listed as a species of special concern. Overall, the distribution is not well documented (Chapman et al. 1992 , Sole 1999 .
Sylvilagus obscurus
Museum (n =61) and publication records illustrate that the Appalachian Cottontail is not restricted to the Appalachian region (Fig. 5) . Several records are reported from the Interior Low Plateau in Alabama (Chapman 2007b) . Although the populations in Alabama appear disjunct from the primary distribution, the apparent gap in the distribution may refl ect a lack of trapping effort.
Microtus chrotorrhinus (Miller) (Rock Vole)
The Rock Vole ranges from northeastern Canada west to Minnesota and south into the Southern Appalachians (Hall 1981, Pagels and ). Rock Voles in the Appalachians may be found in isolated, relict populations (Handley 1992 , Linzey 1995 . They are found in a variety of habitats throughout their range (Linzey and Linzey 1973) , but may prefer mixed mesophytic habitats and moss covered talus or rocks in the Southern Appalachian mountains (Pagels and Laerm 2007) .
Our data were consistent with the known ranges in the Southern Appalachians (Fig. 6 ). Museum and publication records depict a concentration along the Tennessee/North Carolina border that likely refl ects the level of effort in the area. Other specimens were found in north-central Virginia (Bath and Highland counties ; Pagels 1990) . No records were found between the Virginia specimens and the specimens from the Tennessee/North Carolina border. Populations within the southern Appalachians are considered disjunct (Kirkland and Jannett 1982) and our records support the supposition that at least two disjunct populations occur within the Southern Appalachians.
Neotoma magister Baird (Allegheny Woodrat)
Although previous range maps for the Allegheny Woodrat indicate that this species occurs from Connecticut to north Alabama, it is now thought to be extirpated from New York and Connecticut. Its known range appears to roughly follow the Appalachian Mountain chain, but not exclusively. Allegheny Woodrats have narrow habitat preferences, being closely associated with rock outcrops, cliffs, talus slopes, boulder fi elds, and cave entrances (Castleberry et al. 2006 ). Population declines have been documented from the northern part of their range, but they are currently considered secure in the Southern Appalachians (Mengak et al. 2007 ), although precise ranges and populations are unknown (Castleberry et al. 2006) . It is listed as a threatened, endangered, or species of special concern in many states. Our data show that the Allegheny Woodrat is found primarily along the Appalachians, but also occurs in the Interior Low Plateau (Fig. 7) . The records may indicate, however, that they are found further east in North Carolina and possibly further southwest in Alabama. Neotoma magister was once classifi ed as a subspecies of N. fl oridana (N. f. magister Baird) (Hayes and Richmond 1993) . Therefore, specimens labeled as N. fl oridana in some museums might actually be N. magister, which could easily provide other county records. Museums should evaluate their records and make the appropriate changes.
Synaptomys cooperi Baird (Southern Bog Lemming)
The Southern Bog Lemming occurs from southeastern Canada to western Minnesota and southward into southeastern Tennessee (Clark et al. 1993) . It inhabits bogs, meadows, and wooded areas (Linzey and Cranford 1984) , but habitat preferences and ranges are poorly understood .
Our data show that its distribution may be more widespread in the Southeast than previously thought (Fig. 8) . Numerous records from Kentucky and Tennessee show that its range covers a much larger extent than previously known (Robinson 1981) in these two states. Apparently, the Southern Bog Lemming is found throughout Kentucky.
A disjunct population of the Southern Bog Lemming representing the subspecies S. c. helaletes Merriam occurs along the Atlantic coast of Virginia and North Carolina . Previously known only from the Dismal Swamp area of Virginia and North Carolina, recent records suggest that the range extends farther into southeastern North Carolina than previously thought (Clark et al. 1993 , Webster et al. 1992 ). 
Glaucomys sabrinus (Shaw) (Northern Flying Squirrel)
The Northern Flying Squirrel is a common species in the northern United States and Canada, with a distribution that extends into southern California, parts of the Southwest, and into the Appalachians (Hall 1981) . Its preferred habitat is montane boreal-northern hardwood forests (Ford and Rodrigue 2007) . In the Southern Appalachians, it is restricted to high elevations and considered to be rare and a remnant from the Ice Ages (Odom et al. 2001 (Southern Flying Squirrel) , and parasitic nematodes, may be the main threats to its survival in the Southern Appalachians ). It remains one of the rarest mammals in this region (Ford and Rodigue 2007) .
Collection records indicate that its range is restricted to the Appalachians in the Southeast (Fig. 9) . Only three states (Virginia, North Carolina, and Tennessee) in the Southern Appalachian region have records of Northern Flying Squirrels. Future sampling will likely clarify the distribution of Northern Flying Squirrels in this region.
Tamiasciurus hudsonicus (Erxleben) (Red Squirrel)
The Red Squirrel prefers coniferous forests (primarily spruce), but will inhabit mixed conifer/hardwood forest and mixed hardwood stands (Laerm Figure 9 . Counties with confi rmed museum or publication records for Glaucomys sabrinus (Northern Flying Squirrel) within the Southern Appalachian Mountains. and Webster 2007) . Red Squirrel densities are dependent on habitat type and possible food competition with gray squirrels (Stevens and Kennedy 1999) . Their range includes much of northern North America, Canada, Alaska, portions of the Midwest and the southwestern United States, but also extends south along the Appalachians (Hall 1981 , Reid 2006 . Within the range, numerous subspecies are defi ned, but only one is found within the Southern Appalachians (Hall 1981) .
The majority of the museum specimens (n = 251) and all of the publication data indicate that they are primarily constrained to the Appalachians in the Southeast (Fig. 10) . We identifi ed two museum specimens of Red Squirrels from the Piedmont of North Carolina. There was no evidence to suggest that a museum specimen from Warren County (NCSM) had been mislabeled (Lisa Gatens, North Carolina Museum of Natural Sciences, Raleigh, NC, pers. comm.). The other specimen (USNM, Wake County) may have been a captive specimen that escaped. Lee et al. (1982) mentions a specimen from Vance County, NC, but this may have also been a captive release. However, because these counties are in close proximity, these records could indicate a small population of Red Squirrels in the North Carolina Piedmont. Suitable habitat of relict White Pine-Eastern Hemlock (Pinus strobus-Tsuga canadensis) occurs in the North Carolina Piedmont, and additional searching will clarify the distribution in this area. Red Squirrels historically have been known from Piedmont counties in Virginia (Lee et al. 1982) , and several specimens reported from Virginia came from counties located in or near the Piedmont.
Napaeozapus insignis (Miller) (Woodland Jumping Mouse)
The Woodland Jumping Mouse is found throughout the northeastern United States and southeastern Canada, but is limited to the Appalachian Mountains in the Southeast (Hall 1981) . Its preferred habitat is forested and brushy riparian habitat (Laerm and Pagels 2007a) .
Data indicate that the Woodland Jumping Mouse is primarily constrained to the Appalachians in the Southeast (Fig. 11) . However, many records from Kentucky illustrate that its range extends further west than previously thought. A record from Cheatham County, TN, shows the range extending much farther west than previously documented (Kennedy and Harvey 1980) . A few records in northeast Virginia also suggest an eastward expansion. Despite the depiction of the range extending into Alabama by Burt and Grossenheider (1980) , we were unable to identify museum or publication records from the state (Reid 2006) . Whitaker and Wrigley (1972) do not show N. insignis in Alabama.
Zapus hudsonius (Zimmermann) (Meadow Jumping Mouse)
The Meadow Jumping Mouse is found from Alabama to eastern Canada and throughout the Midwest, north to southern Alaska (Hall 1981) . It prefers grasslands, but can be found in a wide array of habitats (Laerm and Pagels 2007b) . One subspecies (Z. h. pallidus) is disjunct and outside the geographical scope of this paper (Laerm and Pagels 2007b) .
Museum records (n = 155) and publications showed minor differences from the known range (Fig. 12) . Hall (1981) specimens (Petra Redinger, Auburn University, Auburn, AL, pers. comm.). We found only a few museum records for eastern Kentucky, middle Tennessee, and northern Georgia (Appendix I). Therefore, the true extent of their range in these states will require further study.
Spilogale putorius (L.) (Eastern Spotted Skunk)
The range of the Eastern Spotted Skunk includes much of the Southeast and most of the central United States (Hall 1981) . The species inhabits numerous habitats, from wooded areas to prairies, but basic habitat preferences are poorly known (Gompper and Hackett 2005) . Although Eastern Spotted Skunks are found throughout the Coastal Plain in Alabama and most of Georgia, they are absent from most of the Coastal Plain in South Carolina and all of it in North Carolina and Virginia. However, abundance and specifi c distribution of Eastern Spotted Skunks in the Southern Appalachians are unclear. Recent trapping efforts in Tennessee suggest that the species is rare (Reed and Kennedy 2000) , and few records exist in Virginia.
Our data demonstrate that they are found throughout the Southeast, but are predominant in the Southern Appalachians (Fig. 13) . Whether the observed predominance in the region represents the actual abundance of the species or is due to more extensive trapping efforts within this area is unknown. The species is considered rare in Kentucky (Meade 1992) , but several records from northern Kentucky indicate that their range may extend further north than reported in Hall (1981) . Our records, however, indicate no large range differences from previous sources.
Mustela nivalis L. (Least Weasel)
The Least Weasel inhabits a wide variety of habitat types including meadows, fi elds, and open woods. Prey availability largely determines its distribution (Sheffi eld and King 1994) . The known range includes much of northern North America, Alaska, and Canada, but also the Appalachian chain (Hall 1981) . In the Southeast, they are considered rare or of special concern in several states .
Museum records (n = 17) and several recent publications show their range extending much further into the Southeast than previously thought ( Fig. 14) . Numerous records from western Kentucky and middle Tennessee illustrate that they are not strictly confi ned to the Appalachians. Bellows et al. (1999a) recorded a Least Weasel from Caroline County, VA, which is the fi rst record from the Coastal Plain.
Conclusion
We documented noticeable differences between ranges derived from the records we compiled and currently accepted ranges (Hall 1981 , Reid 2006 for 7 of the species we examined. For 3 species-Woodland Jumping Mouse, Least Weasel, and Red Squirrel-we documented distributional records in counties >150 km from the currently accepted range. For 4 additional species-Rock Shrew, Southern Bog Lemming, Allegheny Woodrat, and Meadow Jumping Mouse-we documented distribution records less distant (<75 km) from the currently accepted range. Because ours represents the fi rst comprehensive review of distributional records of southeastern mammals since Hall (1981) , the range extensions documented likely refl ect additional collections and publication records in the past 30 years. Additionally, distribution maps in Hall (1981) were derived from museum records, whereas ours combined museum, publication, Natural Heritage, and personal communication records. We gave each observation equal weight, but further collecting may be necessary to establish a permanent record of some observations. Other students of mammalogy and natural history may revise our range maps or choose a different suite of species to document.
We selected species based on their apparent rarity in the region, with the goal of providing distributional information needed to develop effective management strategies. We acknowledge that other, or additional, species could have been selected. The species we selected are considered globally secure (G4 or G5). However, most rank between S1 and S3 at the state level (Trani et al. 2007) , and the Northern Flying Squirrel was only recently removed from the endangered species list (USFWS 2008) . Only the Red Squirrel, Woodland Jumping Mouse, and Meadow Jumping Mouse have state rankings of S3 or higher in all of the states we studied (Trani et al. 2007 ). Southern Bog Lemming, Long-tailed Shrew, American Water Shrew, Snowshoe Hare, Rock Vole, Least Weasel, and Eastern Spotted Skunk have classifications of S1 in at least one state in our study. Although these rankings may reflect actual rarity, in some cases rankings reflect a lack of knowledge about species distribution and abundance. Our results will be useful in assessing species rankings to more accurately reflect actual status. Additionally, accurate knowledge of distributions will aid in developing management plans, setting habitat acquisition priorities, and directing research for these apparently sensitive species (Fields 2007) . 
